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Beam injection experiments have been conducted in 
Large Helical Device(LHD) since 1998. Two neutral beam 
(NB) lines, based on negative-ion sources, were installed 
tangentially to the magnetic field line. One beam I ine was 
arranged for counter-injection (BLl) and another beam line 
was arranged for co-injection (BL2). The efficiency of co and 
counter heating is an important issue for producing and 
confining a high-beta plasma. Requirements for high-beta 
experiment are a low magnetic field and a high stored energy 
yielred by a high power heating. However, it is difficult for 
the higher reposition power. An orbit loss may occur in the 
case of counter heating, caused by the gradient B chift. A 
comparison of these co ancYor counter experimental results 
remonstrates clearly that the sustainment of high 
-performance plasma such as high-beta plasma can be 
improved by the simultaneous heating of the co and counter 
injection at the low magnetic field. 
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an ECH system to produce a target plasma for NBI .:::::.. 
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absorption in the low magnetic-field region « 1.5 T). In the :::: 
2nd campaign, we succeered in a plasma prochJction using 
the NBI heating alone at the magnetic field of 1.5 T.1) A 
target plasma was produced by the interaction between the 
high-power neutral beam and the low-density neutral gas. 
Then the plasma density increased with an additional gas 
puffing. A magnetic configuration for plasma confinement is 
required even in the vacuum for this scenario. 
In the third campaign, we extended the low limit of the 
magnetic field to prochJce a high-beta plasma with the NBI 
heating alone, as shown in Fig.1. The high-beta (2.4 %) 
plasma of 400 kJ and 6X10-19 m-J was produced by the co 
and counter heating with a pellet injection at 1.3 T. We also 
succeeded in producing a plasma with a rensity of 10-19 m-3 
at 0.5 and 0.75 T by using the counter heating alone. In this 
experiment, no large increase in temperature caused by a 
shine-through beam was observed on the armor tiles. We 
expect that a higher beta plasma will be produced in a lower 
magnetic field of 0.5 - 1.0 T. 
Figure 2 shows the behavior of the co and/or counter 
heating at 1.0 T. Co and counter beams were injected at 0.3 
and 0.4 s, respectively. The Plasma of 200 kJ and 3.5X10-19 
m -3 was prochJced by the simultaneous heating of co and 
counter injection with the mixed gas puffing H and He 
gases. The total deposition power reached 2.4MW 
(co=lMW, counter=1.4MW) with the increasing plasma 
density. In the case of the co heating, the plasma of 120 kJ 
and 3.8XlO- 19 m-J was sustained after 1.3 s. The counter 
heating, however, could not sustain the plasma in spite of 
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Fig. 1. Plasmas produced with NBI heating alone at low 
magnetic field. 
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Fig. 2.Comparison of plasmas produced by co and/or 
counter injection at LOT. 
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